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Introduction

Severity and duration of agricultural droughts have distressed farmers worldwide by triggering
hazards for agricultural products. Droughts are a widespread natural threat with tremendous social
impact (Alston and Kent, 2004; Glantz, 1987). They are most often caused by a significant drop in
precipitation from the normal amount. Agriculture is often the first sector to be affected by the
onset of drought due to its dependence on water resources and soil moisture reserves during various
stages of crop growth (Narasimhan and Srinivasan, 2005). Recent studies show that the frequency
and severity of droughts seems to be increasing in some areas as a result of climate variability and
climate change (IPCC, 2007; Patz et al., 2005; Sheffield and Wood, 2008; Lehner et al., 2006).
Among various drought indices, Palmer Drought Severity Index (PDSI) (Palmer, 1965), Crop
Moisture Index (CMI) (Palmer, 1968), Standardized Precipitation Index (SPI) (McKee et al.,
1993), Surface Water Supply Index (SWSI) (Shafer and Dezman, 1982), and The ETDI
(Narasimhan and Srinivasan, 2005) are used extensively for water resources management as well
as for agricultural drought monitoring and forecasting. In this study, the agricultural droughts
during the recent half-century were evaluated by the modified ETDI method and compared with
the SPI as well as meteorological drought index in Shahrekord plain. The results show that the
estimation of modified ETDI by SPI; is applicable.

Methodology

In this research, to evaluate agricultural droughts during the recent half-century in Shahrekord
plain the modified ETDI method was used and compared with the SPI and meteorological drought
index.

Evapotranspiration Deficit Index (ETDI)
The ETDI (Narasimhan and Srinivasan, 2005) is computed from the anomaly of water stress to
its long-term average. The monthly water stress ratio (WS [0-1]) is computed as:

WS = (PET — AET)/ PET 1)

where PET and AET are the monthly reference potential evaporation and monthly actual
evaporation, respectively, calculated using the developed method of Thornthwaite and Mather
(1957) by MacCab and Markstrom (2007) and the results of Radfar (2009) in Shahrekord Plain.
Then monthly water stress anomaly (WSA) is calculated as:

WSAy,m = (MWSm — WSy,m)*100/ (MWSm — minWsm) )
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where MWSy,m is the long-term median of water stress of monthm, maxMWSm is the long-
term maximum water stress of month m, minWSm is the long-term minimum water stress of month
m, and WSy, m is the monthly water stress ratio. Thrambuer et al, 2014 used EDT]I as equation (3),
which is comparable with SPI indices.

ETDIly,m = 0.5ETDIly,m—1 + WSAy,m /100 3)

Standardized Precipitation Index (SPI)

Developed by McKee et al. (1993), SPI interprets rainfall as a standardized departure with
respect to a rainfall probability distribution. It requires fitting the precipitation time series to a
gamma distribution function, which is then transformed to a normal distribution allowing the
comparison between different locations. Duration and severity of agricultural droughts in recent
half century was estimated by Loukas and Vasiliades (2004) method using equation (4).

S =

ZD:ETDIi ‘ (4)

Where S is severity of drought and D is the duration of drought when ETDI is negative. To
identify the recent half-century drought characteristics including spatial variation, duration and
severity, the monthly drought indicators described were calculated for the period of 1960-2014 in
Shahrekord plain.

Results and Discussion

The long-term (1960-2014) monthly ETDI as agricultural drought indices were calculated.
Moreover, the SPI index in different scales including (1,3,6,12,18 and 24) months as
meteorological drought indices were calculated for Shahrekord plain. Intensity of the recent half-
century agricultural drought is indicated in Figure (1). A permanent long-term agricultural drought
occurred during 1960-1987, which troubled agriculture and natural resources considerably in
Shahrekord Plain. Drought severity decreased in the period 1988-1999, but increased from 2000 to
2004 and then again decreased up to 2014.
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Fig. 1- Intensity of the recent half-century agricultural drought in Shaharekord plain
Conclusions

The results show the estimation of modified ETDI by SPIs is applicable and almost accurate.
Historic agricultural drought analyses support the existence of permanent agricultural drought with
different severity in the study area. The severity of agricultural droughts in 50% of the recent half
century troubled the agricultural activities harshly while it was less in the other 50%. The
permanent policy of disaster management of agricultural droughts is essential for whole related
governmental organizations and offices by supporting the NGOs’ in Shahrekord Plain.
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Table 1- Drought index characteristics by the SPI method

SPI Value Drought Classification

-0.99t0 0 Mild drought

-1.49to0 -1 Moderat drought
-1.5t0-1.99 Severe drought

-2 or less Exterme drught
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Fig. 1- Comparison of EDTI and SPIs during 2000-2014 in Shahrekord Plain
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Table 2- Relations of EDTI and SPI with different scales in Shahrekord Plain
R? Value The best regression equation Time scale (month)
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Fig. 2- Intensity of the agricultural drought in the Shaharekord plain during 1960-2014
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